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Engineering Student Outcomes for
Grades 9-12
By Vincent Chiidress and Craig Rhodes

In the midst of an extended

Introduction

back-to-basics movement with

In the fall of 2004, the National Center for Engineering
and Technology Education (NCETE) secured funding
from the National Science Foundation (NSF) in order
to infuse engineering design into the schools through
technology education. As a basic step in reaching this goal,
the researchers, in cooperation with NCETE, designed a
study to answer the following specific research question,
the findings and implications of which are the focus of this
article:

high-stakes testing, being able
to improve student achievement
in, and attitudes toward, STEM
subjects would provide a
meaningful service to education
and perhaps cause an increase
in the diversity of those students
who would like to pursue STEMrelated careers after high school
and college.

\X'liat are the engineering student outcomes that
prospective engineering students in Grades 9 through
12 should know and be able to do prior to entry into a
postsecondary engineering program?
For the purpose of answering this question, statements of
outcomes of student achievement were sought through a
modified Delphi study.

Infusing Engineering Design into Technology
Education
In order to improve the level of acceptance that technology
education can gain in the public schools as well as to
better represent the essence of engineering as it relates
to technology for the improved achievement of students,
Wicklein {2006} proposes infusing engineering design into
the technology education curriculum more deliberately. He
outUnes broad categories for the infusion of engineering
design into technology education. In terms of those
broad areas of engineering that should be infused into the
curriculum he includes, "...narrative descriptions, graphical
explanations, analytical calculations, physical creation"
(p. 7). He also describes courses that might represent a
technology education curriculum that infuses engineering
design. The courses include, "Introduction to Technology,
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Engineering Graphics, Research and Design, Engineering
Applications" (p. 6). He includes as essential in the
curriculum: optimization, analysis, and prediction. Wicklein
also implies that students should take all ofthe science and
mathematics courses that are available in high school. (See
also the National Academy of Engineering, 2004.} Wicklein
(and the National Academy of Engineering) has, in effect,
provided a rationale for the study described herein. In order
to infuse engineering design into the curriculum, the related
engineering design concepts have to be identified.

The Dearing and Daugherty Modified Delphi
Study
There have been several studies to identify engineering
outcomes for high school students. A recent study by
Dearing and Daugherty (2004) used a modified Delphi
technique that they conducted with technology teachers,
technology teacher educators, and engineering educators
to identify engineering outcomes for high school preengineering students. The purpose of the study was to
identify those concepts that are necessary to teach high
school students in order to prepare them for postsecondary
engineering education, while preserving the mission of
teaching technological literacy. Dearing and Daugherty
developed a predetermined list of concepts based on
information from Project Lead the Way, Principles of
Technology, Standards for Technological Literacy, the
American Society of Engineering Education, and others.

Participants were to decide if a concept should be included
in a curriculum or not included in a curriculum. Fifty-two
concepts on their list met the criterion for consensus and
were retained. WiU the findings ofthe present study be
similar to those from the Dearing and Daugherty study?
There were many similarities and differences.

Modified Delphi Study
Like the Dearing and Daugherty study, this outcomes
study used a modified Delphi approach that started with
preexisting outcome items selected from national standards
projects, focus groups, and additional resources. Delphi
studies are systematic, instrument-based processes for
helping panels of participants reach agreement on issues.
This modified Delphi study extended for three rounds of
inquiry in Phase One, with 34 participants as of Round 2
and 32 participants as of Round 3 (Dalkey, 1972; Custer,
Scarcella, & Stewart, 1999). The study also had a second
phase of three additional rounds during which participants
were asked to rank the importance oi groupings of outcome
items. The researchers chose engineering outcomes from
the following standards resources:
» Findings of focus groups (conducted in fall, 2005 by the
researchers)
• American Association for the Advancement of Science
(1993)
• Mid-Continent Research for Education and Learning
(2004)

Table 1
Participant Demographics
N = 34 participants
Gender

Female:

n=13
38%

Male:

n=21
62%

Race*

Caucasian:

n=26
76%

African
American:

n=4
12%

Native
American:

n=l
3%

Age*

Mean: 50.67

Years of Experience as Engineer*

Mean:
12.6

Range:
55-0-55

26 participants are or have been practicing
engineers

Years of Experience as Engineering Educator*

Mean:
14.18

Range:
40-0=40

28 are or have been engineering educators

Years of Experience in Engineering-Related
Position*

Mean:
2.67

Range:
26-0=26

5 are in jobs related to engineering with a
mean: 17.2

Asian:

n=l
3%

Mixed:

n=l
3%

Range:
71-33=38

'1 participant did not respond to the demographic part ofthe instrument,
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Table 2
Explanation of Ratings
The instrument asked participants to rate outcome items on a five-point Likert scale (Clark & Wenig, 1999). The ratings
are described below.
1. Least Important:

Not necessary for an engineering-related high school curriculum.

2. Less Important:

Less than necessary for an engineering-related high school curriculum.

3. Important:

Necessary for inclusion in an engineering-related high school curriculum.

4. More Important:

Essential for inclusion in an engineering-related high school curriculum.

5. Most Important:

Most essential for inclusion in an engineering-related high school curriculum.

• National Research Council (1996)
• International Technology Education Association
(2000/2002/2007)
• Massachusetts Department of Education (2001)
• Hearing and Daugherty (2004)
» National Council of Teachers of Mathematics (2000)
• Koehler, Faraclas, Sanchez, Latif, and Kazarounian (2005)
. Bordogna (1997)
The Round 1 instrument had 47 outcome items and room
for participants to add all of those items that they believed
should be added.

Findings
Given the general lack of diversity in STEM fields, the
researchers were not disappointed with the demographic
characteristics of the modified Delphi study participants.
Table 1 provides a summary that includes some indication
of the extent to which the participants were qualified to
participate in the study.
In Rounds 1 through 3 (engineering outcomes for students
in Grades 9 through 12 who want to pursue engineering
after graduation) participants were asked to rate items,
reword items if needed, add new items and rate any
new items that they added, and provide comments. An
explanation of the rating scale is provided in Table 2. The
interquartile range (IQR) was used as the statistic for
variability of rating responses (Rojewski & Meers, 1991,
Wells, 1994), and an IQR of 1 was determined by the
researchers to indicate consensus on an item (Wicklein,
1993).
Forty-three of the 54 total items achieved consensus after
Round 3. Thus, Round 3 provided participants with the
opportunity to agree on nine additional items. Ratings only

consisted of 3s and 4s. Twenty-one items were rated at 3 or
"Important to include in the curriculum," and 21 items were
rated at 4 or "More Important to include in the curriculum."
One item was rated at a 4.5 median.
Not many outcome items were dropped due to low ratings
or due to lack of consensus. Because it would be difficult to
rank outcome items into order of importance within each of
the only two rating groups (Important and More Important),
the researchers decided to have selected engineers group
outcome items into groups of conceptual likeness and name
the groupings with a category name. This would prepare the
Round 4 instrument for the modified Delphi participants
to rank each category only. The same basic statistic for
consensus, an IQR of 1, was used for Rounds 4, 5, and 6.
Only 19 of the original 32 participants agreed to participate
in these additional last three rounds of the study. After these
last three rounds (Rounds 4, 5, and 6) dedicated to ranking
the groupings of outcomes, the participants could only agree
on what should be taught first, third, and seventh. The final
engineering outcome grouping names and their outcome
group rankings are presented in Table 3. A complete
statistical analysis of the data is available at www.ncete.org/
flash/Outcomes.pdf. The following grouping summaries
characterize each grouping of engineering outcomes.
Engineering design. This grouping of outcomes emphasizes
the big picture when it comes to engineering design. It
emphasizes the importance of creativity and confidence
when it comes to designing engineered solutions to
problems. There was also consensus within this grouping as
to the importance of outcomes related to design iteration,
varying design processes, and tradeoffs.
Application of engineering design. This grouping includes
outcomes related to specific design activities. For example,
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students should be able to organize and optimize the overall
engineering design process. Experimentation, prototyping,
and reverse engineering are included in this grouping.
Engineering analysis. In this grouping of outcomes,
mathematics is emphasized. This is the grouping that
includes using mathematics to optimize solutions, and
it emphasizes the use of mathematics and science in the
engineering design process.
Engineering and human values. This grouping of
outcomes emphasizes the big picture when it comes to the
interaction of engineering design and society. It includes,
for example, the weighing of limitations in decisions about
safety and the environment versus costs and ethics.
Engineering communication. This grouping includes
a variety of outcomes ranging from CAD to presenting
solutions in a variety of formats such as graphical, verbal,
and numerical. The group tends to characterize all sorts
of communications important to the engineering design
process.
Engineering science. This grouping includes many of
the traditional engineering "sciences" such as statics and
dynamics. It includes items like understanding material
properties and materials processes, ergonomics, energy and
power, etc.
Emerging ñelds of engineering. This grouping of outcomes
includes two items related to nanotechnology, but it is
understood as being able to include such fields as genetic
engineering, biotechnology, and smart materials to name
just a few of the possibilities.

Implications for the Technology Education
Curriculum
Some of the implications of the core engineering outcomes
identified herein are evident. For example, it is clear that
engineering education at the K-12 level should be handson (Douglas, Iverson, & Kavandurg, 2004). So it would be
necessary to include outcomes such as those related to
conducting reverse engineering, research and development,
and the fabrication of prototypes. It also seems fairly
obvious that any program would include a breadth of
engineering communication activities related to presenting
findings, to using CAD, and to using the computer as
a means to control data and communicate engineering
processes. Any program that teaches engineering would
benefit from having students apply mathematics and science

principles to the solutions that the students design. In the
midst of an extended back-to-basics movement with highstakes testing, being able to improve student achievement
in, and attitudes toward, STEM subjects would provide
a meaningful service to education and perhaps cause an
increase in the diversity of those students who would like to
pursue STEM-related careers after high school and college.
What engineering outcomes should be included in a high
school technology education program that focuses on
providing students with technological literacy? Certainly,
those outcomes should be included that most closely
correspond to Standardiifor Technological Literacy, such as
optimization, the realization that there are many societal
factors that influence engineered solutions, and any
outcome that will help students become better designers
and understand the essence of what engineering is in real
life, such as prototyping, creativity, and efficiently managing
the design process. Research and development and analysis
are also important.
What engineering outcomes should be included in a high
school technology education program that focuses on
pre-engineering? All of those consensus outcomes from
this study were identified on the premise that they were
to be taught to high school students who want to pursue
engineering after they graduate. However, the curriculum
designer should be careful. A crowded curriculum, which
leaves no time for application, diminishes its effect on
student achievement and motivation. Some outcomes need
to be taught and applied repeatedly across the school year.
These fundamental processes are the essence of engineering.
Other outcomes need only be taught and applied once
within a specific course.
Although there are differences, it is interesting that this
study found about the same number of outcomes as the
Dearing and Daugherty study, but both studies ended with
a Iarge number of outcomes. It is useful that this study
was able to get outcomes rated and groupings ranked. It is
fairly obvious that the most important outcomes are the
Engineering Design group outcomes. That group was ranked
first in importance. Perhaps the most pertinent approach
to deciding what outcomes to include in a pre-engineering
curriculum is building a course sequence that includes the
outcomes based on order of importance but also in order
of conceptual prerequisites—couple with that sequence,
estimates of time to deliver instruction in a hands-on
and motivating way. Where necessary, pre-engineering
programs that use these outcomes should consider dividing
content so that it is studied over a sequence of courses and
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Table 3
Ranking of Seven Groups by Importance and Ratings of Engineering Outcomes
Item
Rating
Rnds.
1,2,3

Group Rank
Rnds. 4, 5, 6

Group: Engineering Design
Regarding engineering outcomes for Engineering Design, the student in Grades 9-12:

4

Understands that engineering design is ati iterative process.

4

Is aware of how etigirieering principles must be applied when designing engineering solutions
to problems.

4
4

Understands that creativity is an important characteristic for engineers to apply in design.
Rank
p.

Believes in his/her ability to design a solution to a problem.

4

Recognizes that there are many approaches to design and not just one "design process."

4

Understands engineering as it is actually practiced as a future career option.
Group: Application of Engineering Design
Regarding engineering outcomes for Application of Engineering Design, the student in
Grades 9-12:

4.5

Is able to identify problems that could be solved through engineering design.
Organizes and manages the engineering design process that includes optimal use of materials,
processes, time, and expertise.

4
4

Designs, produces, and tests prototypes of products.
Rank
undetermined

4
3
3

Understands that there is no perfect design. Designs that are best in one respect may be inferior
in other ways (cost or appearance). Usually some features must be sacrificed as trade-offs to
gain other features.
Conducts reverse engineering and can analyze how a product or process was designed and
created.
Applies research and development and experimentation in the production of new or improved
products, processes, and materials.
Group: Engineering Analysis
Regarding engineering outcomes for Engineering Analysis, the student in Grades 9-12:

4

Uses models to study processes that cannot be studied directly.

4

Applies mathematics and science to the engineering process.

4
4

Rank
3rd

Uses measuring equipment to gather data for troubleshooting, experimentation, and analysis.
Understands that knowledge of science and mathematics is critical to engineering.

3

Uses a physical or mathematical model to estimate the probability of events.

3

Uses optimization techniques to determine optimum solutions to problems.
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Table 3 — Continued
Ranking of Seven Groups by Importance and Ratings of Engineering Outcomes
Group; Engineering and Human Values
Regarding engineering outcomes for Engineering and Human Values, the student in
Grades 9-12:
3

Practices engineering ethics.

4
4

Rank
undetermined

Is aware of how societal interests, econotnics, ergonomics, and environmental considerations
influence a solution.
Understands how other factors, such as cost, safety, appearance, environmental itnpact, and
what will happen ii the solution fails, must be considered when designing engineering solutions
to problems.

4

Takes human values and limitations into account when designing and solving problems.

4

Understands that the solution to one problem may create other problems.

4

Comment: Understands that engineers have societal obligations and responsibilities.
(Temporarily added by juror to provide you with a better characterization of this grouping of
outcomes.)
Group: Engineering Communication
Regarding engineering outcomes for Engineering Communication, the student in
Grades 9-12:
Understands basic personal computer operatiotis and uses basic computer applications such as
word processors, spreadsheets, and presentation software.
Provides basic technical presentations, graphics, and reports, and verbally cotnmunicates
information related to engitieering processes.

4

Uses technical drawings to construct or implement an object, structure, or process.

4

3.5
3

Visualizes in three dimensions.
Rank
undetermined

Develops and maintains an engineering design portfolio.

3

Understands computer-aided engineering.

3

Understands scale and proportion in design.

3

Applies the rules of dimensioning and tolerancing.

3

Uses computer-aided design to construct technical drawings.
Group: Engineering Science
Regarding engineering outcomes for Engineering Science, the student in Grades 9-12:

4

Develops basic ability to use, manage, and assess technology.

3

Applies knowledge of basic ergonomics to the engineering process.

3
3

Rank
undetermined

Develops basic skill in the use of tools for material processes.
Applies basic power and energy concepts.

3

Applies knowledge ofthe processes for manufacturing products to the engineering process.

3

Applies knowledge of material processes to the engineering process.
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Table 3 — Continued
Ranking of Seven Groups by Importance and Ratings of Engineering Outcomes

3

3

Rank

Group: Emerging Fields of Enpineerin(ï
Regarding engineering outcomes for Emerging Fields of Engineering, the student
in Grades 9-12:
Understands the importance of nanotechnologies in developing the next generation of
innovations (less power, smaller).
Understands the convergence of nanoscience, biotechnology, information technology, and how
cognitive science creates opportunities for the improvement of industrial productivity and
quality of human life.
Comment: Understands tiiat engineering is a set of living and evolvingfieldsfrom whicii new
technologies and concepts emerge constantiy. (Temporarily added by juror to provide you witii a
better characterization oftiiis grouping of outcomes.)

over a sequence of grade levels, while avoiding too many
prerequisite courses that will limit enrollment.

Recommendations
The following recommendations will be of interest to
teacher educators, teachers of technology education,
teachers of pre-engineering, engineering educators, and
administrators.
1. One advantage of conducting a Delphi study is that
people who may have outstanding stature or who may
tend to dominate discussions have less biasing influence
on the consensus-building process. Delphi studies
save on transportation costs and lost productivity.
Nevertheless, it may well be that some decisions are
best made in face-to-face meetings. Therefore, it is
recommended that a workshop be conducted on
engineering outcomes, in which engineering educators
with close ties to K-12 education have a chance to more
deliberately persuade one another about the importance
of engineering outcomes and groupings of engineering
outcomes.
2. Enhance technology education by infusing selected
engineering outcomes into the technology education
curriculum for non-pre-engineering curricula. The
researchers find less utility in making engineering tiie
focus of technology education programs, which focus
on general technological literacy but believe that adding
selected outcomes is useful. Therefore, they recommend
and have started conducting a similar study in which
technology education supervisors, teachers, and teacher
educators identify those engineering consensus outcomes
identified herein for inclusion in technology education
programs that focus on technological literacy and not
pre-engineering.
3. Use these outcomes to aid in the design of preengineering programs.
4. Use these outcomes to review existing pre-engineering
programs.
5. Use these outcomes as contexts to make mathematics
and science more practical and motivating.

6. When findings are realized in the technology education
study recommended above, the researchers will
recommend a listing of engineering outcomes that can
be infused into technoiogy education programs for the
purpose of providing technological literacy.
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